ABSTRACT. To evaluate the effect of pacifier use (nonnutritive sucking) on gastroesophageal reflux in infants, 48 infants younger than 6 months of age with pathologic reflux were prospectively evaluated with pH probe. In each infant, parameters of reflux were blindly quantified during paired periods in a cross-over design when pacifier use was either encouraged or prohibited. To determine whether positioning was a factor in the effect of nonnutritive sucking on reflux, 24 of the infants were studied seated and 24 studied prone. Pacifier use significantly affected only the frequency of reflux episodes, increasing it in prone infants from 7. GER occurs frequently in infancy, when it may be pathologic by virtue of quantity (frequency or duration of episodes) or sequellae (caloric loss, esophageal irritation, or respiratory symptoms) (1). Therefore, it is of practical importance to identify any activities which affect reflux quantity.
. Swallowing has also been shown to hasten clearance of refluxed material from the esophagus (1 8, 19) . Thus NNS might be hypothesized to increase the frequency of reflux episodes, decrease their duration, or both.
The present studies were designed to explore the short-term effects of NNS on GER in infants. The initial results, in 24 infants studied seated, were contrary to the hypothesis: the frequency of GER was significantly reduced by pacifier use. To determine whether this finding was due to the seated position, which is provocative for GER, a second group of 24 infants was studied prone using an otherwise identical protocol. In the prone position, NNS increased GER frequency, as hypothesized.
METHODS
Patients. Forty-eight infants younger than six months old evaluated with pH probe for GER between January 1986, and September 1987, were enrolled in the study. Twenty-four of the infants were studied in the seated position for both sessions of the cross-over design study, and 24 were studied prone for both sessions. Their parents gave informed consent to the protocol, which had been approved by the Human Rights Committee of Children's Hospital of Pittsburgh. The infants' characteristics are indicated in Table 1 ; each had pathologic reflux by virtue of quantity (on the initial 15 h of pH probe testing) and/or sequellae. During the enrollment period the only reasons for exclusion from the study of an infant younger than 6 months having pH probe testing were inability to assume the study position or to suck on a pacifier, lack of a bed in the Clinical Research Center, lack of parental consent, or absence of pathologic reflux during the first 15 h of pH probe testing.
pH probe. The intraluminal esophageal pH probe (Microelectrodes MI-506, Londonderry, NH) was calibrated to pH 2 and 7 and inserted to 87% of the distance from the nares to the lower esophageal sphincter (21) , and the position confirmed in 26 of the patients radiographically. The probe and the reference electrode, applied to the patient's shoulder, were connected to the pH meter (Accumet 810, Fisher Scientific, Springfield, NJ), which was linked in turn to the strip chart recorder (Linseis L600, Princeton, NJ, or Anspec 1202, Ann Arbor, MI, at 10 cm/ h).
Protocol. The evening before the study, the pH probe was inserted and the patient was transferred to the Clinical Research Center. Apple juice feedings (usually a total of three feedings, pH about 4) were given every 3 to 4 h until 0430 h to document pathologic reflux, which was present in each of the 48 infants. At 0430 and 1030 h, to reduce hunger-related behavior, each infant was given a standard volume of his/her regular formula (2 ml/cm of height; any residual volume not taken within 15 min was given immediately by nasogastric tube, and the tube immediately removed). At 0730 and 1330 h, apple juice feedings were given in the same standard volume and were followed by either of the two nearly 3-h study periods ("pacifier period" and "control period"), during which the 24 "seated" infants were seated at 60" in an infant seat, the 24 "prone" infants were kept flat prone, and all infants were observed continuously by a Clinical Research Center nurse. The order of the pacifier and control periods was randomly assigned by lottery, with a block of 24 (22) . During the lottery-assigned "pacifier period," the nurse encouraged sucking on a pacifier, replacing it any time it fell from the infant's mouth, and ,occasionally jiggling it to stimulate sucking if needed. During the "control period," no sucking was permitted on the pacifier or fingers. Analysis. The pH probes were blindly analyzed for four commonly used measures of reflex frequency and duration during the 120 postprandial rnin and the subsequent fasting time for both the "control period" and the "pacifier period" for each infant. The four parameters evaluated were the total minutes with pH below 4, the number of reflux episodes, the mean duration of reflux episodes, and the duration of the longest episode. A reflux episode was defined as beginning with a pH drop to below 4, and ending when the pH rose above 4.
Each infant's control and pacifier fasting periods often differed slightly in duration, due to different durations of feeding, diapering, etc., at the beginning of the two study periods and the fixed time for the subsequent feeding, so the fasting time analyzed for each infant's pair of fasting periods was made identical in duration simply by eliminating the final minutes of the longer one from analysis. For analysis of fasting reflux parameters among subjects, a corrected score was assigned to the two parameters whose denominator is the duration of observation (i.e. the total minutes with pH below 4 and the number of reflux episodes). The corrected score was derived to extrapolate the data over a standard 2 h of fasting. Thus, the actual measurements for each of these two parameters in the fasting period were multiplied by 120 min and divided by the minutes in the subject's actual fasting periods, in order to give equal weight to infants observed for varying durations of fasting.
Wilcoxon signed rank test was used for comparisons between the control and pacifier periods for each measure of reflux during both postprandial and fasting periods within each group of 24 infants; significance was defined a s p < 0.05; data are expressed as mean f SEM.
RESULTS
In seated infants, pacifier sucking significantly reduced the frequency of reflux episodes, both in the two-hour postprandial period and in the subsequent fasting period (Table 2) . Although this reduced frequency with NNS was accompanied by a lower mean total duration of esophageal acidification, both postprandially and fasting, this did not reach significance in the 24 infants studied. Nonnutritive sucking did not improve measures of reflux clearance in seated infants: the mean duration of reflux episodes and the duration of the longest episode were not decreased by sucking on a pacifier.
However, in prone infants NNS significantly increased reflux frequency. The tendency of this increased frequency of episodes to be reflected in an increased total duration of reflux was blunted by the tendency toward improved clearance, although neither the total duration nor the mean duration of episodes was significantly affected by NNS. There was no effect of NNS on reflux parameters in the fasting period in prone infants.
DISCUSSION
In the prone position, NNS produced the expected increase in reflux frequency postprandially. This increase in GER frequency was presumably due to increased frequency of lower esophageal sphincter relaxation, due in turn to increased swallowing during NNS.
The idea that NNS increases swallowing frequency finds empiric support from esophageal motility studies performed with pacifiers (23, 24) , although specific data regarding the effect of pacifier use on swallowing frequency in infants are lacking. Barium radiography of the esophagus provides further evidence that swallowing induced by NNS may provoke reflux episodes (25) .
In the prone infants' fasting period, the lack of a corresponding increase in GER frequency with NNS may be due to the much lower gastric volume in that period, making it less likely that an episode of sphincter relaxation would produce an episode of reflux. In the seated position, the contrary decrease in reflux frequency is not easily explained. The seated position is known to be provocative for reflux, particularly in contrast to the prone position (26) , as is also suggested by this study's control period values for reflux frequency in the two positions. It is possible that in the face of the fundamental augmentation of reflux frequency by the seat, the observed decrease in reflux frequency with pacifier use might be caused indirectly, by way of the known effects of NHS on behavior, rather than directly, by way of an effect on the upper gastrointestinal tract. For example, the decreased crying produced by NNS (4-9) might produce decreased frequency of abdominal contractions, and thereby reduce reflux frequency (17) . Whether this is the case is the subject of a study in progress.
The failure of this study to show any beneficial effect of NNS on reflux clearance in either position suggests that saliva quantity and swallowing frequency are not increased enough by NNS to have a significant impact on clearance. Thus, for example, there may be less saliva production with pacifier use in infants than with peppermint lozenge use in adults (1 8) . Furthermore, esophageal acid clearance is a stepwise phenomenon that requires a number of swallows, so that normal adults, for example, require eight to 12 swallows taken at 30-to 60-s intervals to raise esophageal pH above 4 after a single esophageal bolus of 2 ml to 15 ml of 0.1 N HCl (18, 19) . While it is possible that a type I1 error obscured an actual effect of NNS on clearance, even increasing the sample size by analyzing all 48 infants together does not demonstrate shortening of reflux episodes, which are 6.9 f 1.1 min/episode for the control period versus 10.2 f 3.4
for the pacifier period, p = 0.42.
The absence of effect of NNS on the total duration of esophageal acid exposure in either position suggests that pacifier use is unlikely to have an adverse or beneficial effect on infants with pathologic GER, except in instances where the change in frequency of reflux per se would be important. This might be the case, for example, for infants with failure to thrive due to increased frequency of "spitting." Although further study will be required to determine whether long-term effects of pacifier use will mimic those found in this evaluation of short-term use, these results suggest that infants with pathologic reflux frequency might best avoid pacifier use while in the beneficial prone position. When seated position is necessary, the pacifying effects of NNS may be useful in decreasing reflux events as well as in reducing crying behavior.
